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Thin Invention relatea to a method and apparatus for 
heating au elongated space or a location eotitiii.nl no. an alonguted 
hriutor. Hore ysrti&ularly, the invention relatea to mi c. Xe(?T.rJ ( ci*J 
resiRtancft heater for heating an tilon<iato<i suJ>tar rati can J$<jjuhoLo 
nt; roteu which ore different at- different dept.hu at Th« korehole, 

:it 1ft known to bo bohoiiciai to u*o e»Longat<ici heaters 
Duch as well hcaterp, for heating intervals o£ Rubterronfran earth 
format 1.61);;, plpo interior:*, or other elongated spaces. In various 
situations, it is desirable to heat sutih spaces at relatively hicjb 

10 tecriperat.uTft& tor relatively' long tiftc«. Beneficial reaulto 
obtainod fay such heating may include pyrolielgg oil shale 
formatlona, cofciog oil to consolldato unconsolidated roaorvolr 
tortnatiOAS, coKing oil to form electrically conductive carbonized 
rones capable of operAt.inc; as ftl^ctrcdeft within a reservoir 
formation, thermally displacing hydrocarbons derived fro» oils or 
tare into production iocar.l ons , prevent ins foraation ol hvdratou, 
pr^i; J.pitatc 5, or the Like in fluids which are being pi'oduced from 
wtlls and/or traiwutt** through pipea, or thft ilKe. 

The invention aitf.d to provide a heating apparatus vhich 

20 j.c capable of generating heat at different rates at different 
dfipr.Up in a well. 

In accordance vrith the invention there is provided \n a 
procesB in which subterranean earth formations within an intorvnl 
raoro than 100 foet long are heated to a tenperature of more than 
600°tf. , ao that heat in injected frubstantiai.iy uniformly into that 
Interval , an improvement for constructing and Installing a heater 




http://patentsi -ic.gcxa/patimage.pdf?page=dis&patent_number=01253555&outJang=EN_... 1 1/7/2001 



01253555dis.afp Page 2 



G3Z93-2G01 

having «>ci electrical cable heating section which, is free of 
Hplices, ooiiprisiug; ooEirftiut'tiiirf auicl lifting cablo /section by 
compressive ly at?acjin<i at Least- one portion of a }unot ion- tree, 
electrical beating cabla to reduce itu at said at li*AJ5t firta 

portion, said cable 1b at least, ap long as the ft&rth formation 
.interval to be heated and comprise &a axially allied, malleable, 
e Lectrlcally conductive core Gurround«d hy granular mineral 
insulation within a metal ahoath, ao that avngrad portion generates 
heat at a rate higher than the wiavaged portion; correlating the 

10 location 01 34ld swaging with the pattern of hftat conductivity in 
the earth formation interval so tUat at le.Apt one ooTnpr*8*»ively 
swaged portion of the cabla is located aiort$ tha cable in a 
ooaition auch that, when the cable ia extended along the <±auth. 
torir.ar.ion interval to be h^atort, the compr^sftivuly *w*<yo4 sortton 
is adjacent to a portion of the earth foraatian interval in which 
Che heat fionducfcivt ty is relttlvoly higbp connoctinv oaid 
selectively swayad heating cable aection to at least one power 
supply cable and spooling the interconnected cab.loa; and 
unspooling the Interconnected cables into a well bo re along with a 

20 ved^ht-aapporting matal oondult while pe riodicaJ iy attaching the 
cables to the conduit and ©attending the cshlea and conduit to a 
depth at which the conpre a uive ly awaged portions uf the cable are 
positioned adjacent to tUo earth formations having a relatively 
hi$h thermal conductivity. 

The invention will now be explained In mors detail «ith 
reference to the accompanying drawing,*, in chichi 



2 
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Fi rnira 1 is a. thrae-diTnanoioTial i llu»"txatioi\ Of an 
electrically cocubictlvs <3*h'i« eont?.iniu<j staged and unswayed 
port ions suitable for use In the 9 re cant invention. 

Signs* 2 sohesia^iciftlly Illustrates tbe 4n»td.lliQg of an 
olactrleal jceaistanca heatar within the well In accordance tfittn 
the pres-ent tnventloa. 



■a: 



2a 



v : 
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Figure 3 shcra a splice between a metal-ahaatfi^ insulated 
powur supply cable and a rotaL-shr;atbed insulated cable suitable as 
a heating cleraent of the present inventJ.au. 

Figures 4 aud & illustrate splices for electrically intar- 
5 connecting 1 the conductive cores of a pair of luetal-aheacthed mineral- 
insulated heating cables suitable as being cab).eR in the present 
Invention . 

figure 6 ohms an electrical power supply circuit. 3uitabl^ £cx 
use in the preeent invutitioa. 

IjO Tte present invention is at least in part premised on A 

discovery that the properties of an electrical conductor ae a 

jfctni-shoathsd solid ratHri^l-intuLated electrically conductive 
cahie containing a single oopper ooro) are su~h that results of an 
application of oonpressiw swaging to tba outside of the njetal 

15 idieath are transmitted through the insulation to tho core of U^e 
cable in a manner euch that Qfidh of: these cccrparjasitB are 
substantially ainrjltasiecjaly reduced in croes--sectiunai. ctrea by the 
SOTno relative amount*. The reductions Ln the cable care croas- 
hgc ticnal area can be controlled to cause the swaged portion of tbo 

20 cable to generate a s.-lgnificantly higher eacunt of neat per unit 

time than that which wou 16 have been grrrjcrated without the swaging, • 
evtooi at a substantially lewer ten$eratiur&. 

In a preferred eabodfoiewt of the invention f such a swaging is 
dot* by a process oE rotary swaging, amounting to oc«prcssir.g the 

2*5 coblo with ma^y bJrjtvG applied by rotating dies, instating swaging 
devices and techniques &ro known and ccnTW^ra.aily available. Biich 
Trachinaa ozcirc^ly contain two dies wb.irh reciprocate rapidly as a 
spindle ixj which th^y aru mourrtxsd ic rotated, A ccennresaive rotary 
swaging operation involves a hanrnering action which has the saite 

30 bsiflflfidal raaberiaJ, on netal aa forging. It produces a desirabXe 
grain structure resulting in an incveuad tensile streaigtft and 
elasticity. The ooltl (ia tempera turefr paging tendB to work harden 
moflt netallic materials. If deaired, such a hardening <\nn b2 ic&de 
more flexible by annealing. 
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a rotary swagirg operation, the extent to which the swags:* 
material ia reduced in cros^-secticnaZ area 09n 1>e controlled very 
accurately. For esiawpla, slXKV a metMa-ebeathed 9olid material- 
insulated copper -cored olootricallT^conductivc cable helwee as a. 
5 solid ifatcr.laL during a rotary swaging qceraticn, such a Cfcbte 
having a dismoter ot from ab^ut 0.69 to 1.25 an can be &x*ged to a 
reduced diaitatar with an accuracy of about plUB ox tninuH 0.0025 cm. 

figure 1 illustrates swaged and unswaged portions of a' cable 
preferred fexr usb in the present invention. In tlie cable show, * 

10 stain toss steel sheath 2 surrounds a mineral insulation 3 

consisting of highly compressed grains of magnesium oxide and a 
Holiel conductive care 4 of substantially pare ccpp&r is 
concentrically surrounded by the Insulation and aheath. In a cable 
of the type shown, where the inner and cuter djajrcfcsrra of the 

1$ sheath % t\r& 7.25 and 9 mm and thu diamator of the cost 4 ia 3 nfli, 
iu the un swaged portion, the cabte may ^soisratB a temferature act 
about 600 "C *hen conduattrrj L80 cirpeaies of alternating current.. 
However, iix a swaged portion of die cabie having a diameter reduced 
by 16$, a temperature of about 850 *C is gsrvwrafced when tho cable 

20 U caaciductirg the saire oijrrent in tha same aivirojiroent* 

In a preferred aihcdunsnt, the present inventAcri can be 
utilised for providing a formation- tailored iretfood and apparatus 
for uniformly hearting long incearvala of subterranean earth 
rormations at high tCttJ>orature. *ccordinq to this itethcd 

25 si^exranean intervals are heated with an electric heater 

containing at .leant one spoolable steel-she&.thei mineral- insulated 
cafola having a solid central core of high electrical conductivity, 
Such n coblo can be arranyed to hecjt thfi earth forma Dions ao that 
boat in transmitted into the formations at a substantially uniform 

30 rate, even when the heating involve* more than about. 330 watts per 
netane at teTiparattfros between about 600 rtwd LOGO 4 C. The uniformity 
of the hecit triiiuwib'oian is ensured by providing the heater with a 
pattern of electrical resistances with depth vithin dvs well 
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correlated with tl» pat tern of heat cxmdnctiv.tty vwXH Sep-th witUio 
the aiwrraunding earth fonoatlong. 

TiguxTR 2 share a prafarred ©rbodiirent of a wall neater of the 
present 1 invention baing installed within a well. As JSfricwil, a pair 
S of selectively swayed heater cables v.ith sMngad and unswayed 

porticos of tba type *2icwn In Figixre .1 are being unspcoled i.noo a 
woll frcm spooling tneana 5 and 6 while a support member 7, &uch as 
a wire lino or spoolable metal conduit/ is oonoif'rently unapcolod 
j.rrto the well from a spooLln:? means (not shown) . The lower end of 

ID the auppart Jieans 7 is attached to a motor jroau S, snrh as a 

ginker bar for a vertical well or a cixnptible or Other itoCOT TOana 
ft>r a substantially horizontal MeVU The lower ends oJE the heating 
cable, Avaged portions lb/ are mechanically attached to a cabls 
junction or end-cdm«ctnr 9 in vhtcb the c en Active, cores arc 

15 electrically inter connected (as shewn in more detail in figure 4) . 
•rha juration 9 la also irechanically connected to the support master 
7, for exmpLo by a strapping means 12. The lewar oa\ds of the cable 
porticos, which Are svutged, for increased heating, arc olcctricslly 
interconnected in the erxt oomi\6Cbor 9- and positioned to GKtend 

?0 through the zone selected tor rcooiviiv? the insrsaseti hearting. 

tha unawaged porticos la of the heatltt? cables, designed for 
minixnal heating along th» aono to be heated, are poaitionad to 
extend above the swaged portions lb for a distance sufficient to 
reach a aane Khich .la ccol enough for an intorcenriectnjon of tluB 

2-5 heating cable portions la with power supply cables 10 by Tneana at 
joints or splices 11 tor electrically and madintilcally inter- 
connect Lr-g the powar supplying ar4 beatirg cabltia. Iho power surply 
cables 10 ore arranged i!or carrying a selected amount of current 
while generating Only a Xfriniirftl amount of heat, Tba details of 

30 suitable mechanical and electrical cable connecting joints for lib© 
with metal-sheathed nunaral- insulated power supplying cablea are 
illuutrat*** in Figure 3, 

as the boating and power aupply cables 1 and 10 are run into 
thd wall , a! cry with eJte weight- supporting str&nd ? , the cables are 
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periodically attached to tha ^Lrnnc3 7 by means of clones or 
atr£ippLr7q crdfiOflS 1.2, Such claciipe <uco arranged for craortuxj A 
friction between the cables and atrand which iB sufficient to 
support the weignt of tte lengths of tha cables which are leo&bcd 
5 between the cLaqps. 

Figure 3 illus twites details of preferred arrangwentn of 
splices 11 . As shewn, tha power supply cahla 10 haft a metal, sheath 
14, such as a ceppar sheath, surrcujuliiigr an insula tad olectrioaUy 
ccof2uctiiA4 osrc 13 craving a cccrbitvitlon ot or c^b- actional Area and 
10 electrical rcsi starve per unit of length adapting it to carry i^a 
current to be uced in the heating cpcrat.ton while generating only 
an iciBigrjificiuit ancunt of heat. A» shewn, the power cable aboath 
14 an veil as a power cable core 13 bjx* larger Chan tha abaath 2 
and core 4 of the unsxeugod portion of l^aating cable* la. fte 
15 conductive cores of the cable are electrically intaroonnccted, 
preferably by weeding* tn <jeneral r the power cable can surprise 
substantial Ly any typa of electrically concljuctSve cab la which i3 
adequately heat stable at the temperature generated by tha miciiinum 
heating portion ofi a hating cable such as lrt. Where f**5 max imam 
20 selected hesting l-^nperaturo is suf f icira*tly lew and/or tlie 
dist«ftV7e bai^een the pever supply and zene to b© limited to 
adequately short/ tha power supply cable can ceaprisa a irotai*- 
sheathed irdreral-infea'latad ^licV-cored cable which is SGlectively 
erwaged to pruvi<fe tlxo elected heating tjen^eratjure so that no 
23 splices 3ix*h aa splices 11 aro needed. 

shown in Figure 3, a relatively short *.teeve IS, au^h as a 
steel skxvc, \$ fitted around and welded or braced, or otherwi^o 
iraShanically attached, to the aheath 14 of the pewer' cable 10. ThO 
aleeva 15 is preferably selected to have an inner diameter forming 
50 an annular spaoo between it anS aheath 2 largo enough to 

aooanrcdate a bhorter steel sleeve 16 fitted around the sheath of 
f;l;e cable la. In a pref<Arred assejifcling prtx»aure f bafbrc insertiv-g 
the short sleeve 16, subBcantifiilly all of the annular t#s.C3 between 
the cable core TFKifeexa 4 and 13 and sleeve 15 ia filled witii & 
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pcwdarerl mineral insulating matHrial such as magnesium D#dd£. The 
insulating material i& preferably deposit^ v/i-tniri both hhe annular 
spooe between the. cable cores and the sleeve 15 as voe.U aa tha 
space between the b leave 15 and the sheath 2 ci tto* oablje la, and 
fi vibrated to ourpact the mass of particle?, dleave 16 oan tlien te 
driven Lnto the spaua betuxzon the slews IS and ahouth 2 so that, 
tha moss of ttdlieraX insulating particles in compacted by the 
driving force, Slocves L5 and .16 and a heath 2 are then welded or 
braced bogetfcar. 

10 ficjure 4 illustrates details of on end oonnootor or splice 9. 

As shown, cables lb aro coctorided through holea in r steel block 9 
so that start aeotiens lc extend into a cylindrical opening in tlie 
cantral portion of tha block- Uic electrically conductive cores of 
tha cables axe welded together &t we .Id 17 and the cab.Le sfeaaths are 

1? voided to block 9 at welds 18. Preferably, the central ocoaductors 
□f tha cables are surrounded by a Kent etfblc oLectricai inflation 
such as a tiitiss oi? coropactsed pewderiifd mineral particles and/ 01 " by 
disc? of! ceramic materials (not shewn) , after which the central, 
opening is sealed, for example* r by welding-on piec?aa of ateal (not 

20 shown) . Where the heater l<i supported, as jstawn in ?igure 2, by 
attaching it to an elongated cylindrical structural member 7 r a 
groovo 19 is preferably formad along an oxter i or portion of end 
splico 9 to mate with the stxucturdl meAubar and facilitate the 
attaching of the end pLece bo that member, for axatnple, by a 
strapping mems "12- 

Tigurfi 5 shows a preferred type of end connector which 
eliminates the need for fitting and voiding a heater cxihlB to form 
a pair of heater cabl&s, such as cables* 1.6. U"he heater cable is 
simply bent into a U-tum and ci«chanicsaliy cianpsd to block 20 by a 

30 fcol bed-on clamping plate 21. Th© block 20 is preferably prc/ided 
with groovy 22 to facilitate thG clamping of it Co a cylindrical 
structural msa'toex such as* the cylindrical cnerabor 7 shewn in 
Pigura 2. 
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in general* r.he power applying el^fnents can comprint; 
aubBtantl&lly any m ar IX sy&tecn capable of causing a baator of 
tha present type ro heat at tho selected relatively high rato. Such 
a heating rato con be about 330 watts par me*re or joacfe, 
5 Figure 6 is a diagram of a preferred &rran?en£uk of 

alternating current olecfcrtoal p=wer supply irjg ©loner tu suitable 
for the present typo of heater. This arraitgaircnt includes Uwo 
inverse, parallel, silicon-controlled rertifierB (SCRs) in the 
circuits of: hoth elements of a two-fftlernesit heater. In such a 
tio balanced system tha beater Lugs should be of eqi^l resistance so 
that tha cv^blc coce junction f paint A, (within end oannecbor 9) csn 
remain at zero voltage or virtual ground potential, 19*je sheaths of 
the heater cables are connected to tha grounded centre rap of the 
trans fiorjrar swenndary- Since point A repreBents tha welded 

"13 connection with to the end pico© 9, the potential different between 
tho connect ion and the hewing will bo zero tor all practical 
purposes. Tftisss points would be in electrical contact without any 
conduction of current* At points advancing upward along the lege of 
the heater, the potential differ eix» between tho shoaths and the 
20 central conductor can increase and finally reach cnaxioum3 such as, 
plus or minus, 2<0 V. 

In various situations in which an elongated space ia to be 
heated , titie in aitu thermal conduction tray vary significantly 
within various layers or looatJUons alCKJ? that siaace. A nora hoat 

2$ oondi>ctave layer will carry off thft boat generated by a heater 

iaster than a leoa conductive layer. Aii a result* the teatperatiire 
tfaintained by an electrical reaistanufi boater carrying a given 
amount of current will be lower opposite a mora conductive layer > 
In aituationfi in which it is desired to maintain a £lat or uniform 

30 heating rate aloJtg the space bclrg heated, it ia dasirablo to 

reduce the heater core cross-sectional area in order to gearicrate 
Keat at the aarne rate as that in OtJter portions of the heater whJch 
are V^otter, 
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An electrical resistance heater can be caueud bo <ja)crate 
selected heatirvg ratoea at different iccafci.nna alccig the heater )ry 
injstailicxj" hotter sections containing conductor a of varying co;osp>- 
ae-jtians. '.ttie BjuaLljcr aare or coo viae tor croes-secticnB exhibit rcraoe- 
5 rasi3taTVce to thu electrical cm rent flow and thus generate teat st 
a rate higher than wculd be generated by a thtckor core At the sarra 
ten^aratune. Par ex3irple r it can heat at a saloctecl rate at lcj«cx 
te.iipsrature existing along a relatively more hecit cotiductiive layer 
or cone within the apace Swing heated, 

\0 Tbo present invention provide a method of causing a heater 

having an aleecrically con duct ive can? which ia continuous and 
unitary to generate ccnj&tant and/or selected aoTCimta of heat along 
one dj; a multiplicity of different portions, of the heater without 
requiring a auLtitude of heating cable, splices. Particularly where 

15 the heating is ta ba oanducted at- relatively high tccipcraUTnea for 
long tiTnes, welding prcblerafi and opportunities far leakage are 
inherent .in any cutting and slicing of electrical haatin? cables. 

In respect to m electrical resistance heater crarprising a 
pair of electrically iitterconriactad jnatftl -sheathed solid nutcrial- 

20 insulatect cables each containing a malleable tnetal. el^ctrically- 

coridrjctive GOx& r foisr ^ets of rotary eft/itching dies can be arranged 
far providing percentages of tfiaratrical reductions of 6, 12/ 19 
and 24 in tho initial overall diameter of oach cable and its 
conductive coxa. By reducing coe portico of the cable diameter by 

,rj 6% and anotheT by 12% , the overall reduction is 91 . Ity such 

procedures, the overall cadOss-secticnaX reductions for both legs of 
the boater can be provided in eight steps of roughly IDS each, for 
OKftffple, see the following table: 
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UXAMBT.RIC&L REDtCIOm 


CHMS-SSTWCfrAL reduction 








L9G I 


LEG 2 


ran i.rcs 


0 


6 


11.6 


6 


6 




€ 


12 


34,2 


12 


12 


45,1 


12 


1.8 


55*3 


13 


L9 


55.5 


1.8 


24 


75.0 


24 


24 





m such a procedure,, if the sJxra-deacribaA preforrodi power 
supply is to ha used, it i& mssssary that each leg of >-Jia heater 
after reductions iu its core diacretar h&ve en overall resistance 
equalling that of tho otJier leg after reductions in its a-ire 
5 diacriRtesr. This is necessary to ensure tho xero voltafje potential of 
the inter ocnrtOCtodl Cdviuctors in the end piece. Tnu3 f it ia 
Heceaaary bo divide the overall extents of electrical care 
reduction* evenly avca: both loagtHs of the beater. 

Substantial 1/ any oanprGSiilve swaging procedure which is or is 
10 substantially equivalent to rotary sw&^lng can suitably be used in 
prarrtlsirug the present invientiqn. 'acaxr^les of swaging 1 Tiuchirajs 
and/or techniques which can ouitahly to used ace .incluRire of diu 
closing awagincr machines, such as these ir^naf acrxired -fry Ire 
T&rrinjytoo cti:npany r or Abbey Aetna itecbine Cbfrpsny or Fcctn 
t5 Manufacturing, etc. 

Power supply cables capeble of trffosnitting the amount of 
current selected to be ueod whlie gerreoratiivg only a relatively 
Insignificant amount of heat and having sufficient: thermal 
stabiUty fcoc electrical and rtocSiknical attachment to tho motal 
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sifceai'.liad cable selected for generating a toiniroci arccunt of heat can 
suitably be uned in this Invention, Exanplas of SQOti oab'teB includa 
those available as EJICCypycotonac CAT rabies. 

In general P in a situation In which an electrical conductor 
3 need not to insulated, the preasnt Invention can be tju-actised vteh 
substantially any e.lft^tricol conductor which in continucos and 
unitary (i.e. is a continuous body froo of interconnected ' s&praits 
ox strands} and has a oz>ze or candiacfcor thickness (i.e, a cross* 
sectional area of the cXecf.xically coodicctivo traterlal] Nhich is 

ID different in different locations along the lcn^gth of the electrical 
uonductor, Preferred eloctr ica I con due bora axqprise sawjte 
conductive cores of malleable ire ta Jig or alloys surrounded by a heat 
stable- solid insulated rcetsrial wiUJlin a neat atabla mtAl sflieattY 
such ob refractory pcw3er car solid fibre insulating materials 

\5 wAfcbiu oojper or stcol sheath*. A copper core surrounded by 

pondered uiagr»aiuiti oxtcb within a copper sheath for us?? at moderate: 
tftmperatujrea, ox a stainless steel sheath for use at nigh, 
terrpeo: a ture b , ia particularly pre ['erred. 

In general, the* ^resenrt invention can utilxeota to initiate 

20 ana itaiataln a substantially uniform rate of Ueatirxf along a. space 
containing at least one portion having a relatively lew rato of 
lieat conductivity and/or to establish and maintain a relatively 
higfri rate off boating along selected porticos along a space 
- throughout which the rate of. heat conductivity Is nearly uaiform- 

25 Ifte variations in hssrt conduct jvity- with distance along an 

elcrgatod path can he ^tarmlned by means of numerous knsvn and 
available de : /ioea and technicflifts. 

m a particularly pxefurxfld procedure for utilizing the 
present invention tor heating along a path along which the baat 

30 conductivity is non-uniform, a selection if? mads of the rate of 
heating bo bo provided when an electrical conductor having the 
ccn^ceition to ba used i? conducting the amount of current to ba 
used within o honiogonaous medium Ivavinq th& lowest heat 
conductivity to be enoountCKcd aJcug the path to be heated- the 
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maxlvow thicknsad for t'ne electrical conductor to bs 5 s tYcn 

the btiicJcnesa which providaa that rata of hsaciug in that 
situation, 'ibe thickness of, portions of the ccoductor to be 
positioned along portions of the pith whidi have higher heat 
|> oonductlvities are then /radte thinner to aa extant substantially 
coipenGating for the nors rapid c ortfuct i ng^awny of the heat by 
those higher fcaat oandtrtivitias. 

Alternatively, where it ia desirable to generate heat at 
reUtively rapid rates along portions Of. a peth to ba heated (for 

10 exairpTe/ alung top and hot ton portions of a mibtei-rafle&n oarth 
fooraiati vm) such em arrangement con ba foada, a.Yehcr.igti ths heat 
conductivity nay be sxibstanu.ially uniform all along the path to 1x3 ■ 
heated, xte conductor thickness anri raaistayice to be uB-d fll<mg 
most of tJie cable conductor arc select to provide the selected 

15 rata of bating along a hc-pogensous material hawing 1 the lui&t 

ccttfuctivity ccmrco to aoat of tbo interval, to be heatiad. Tben, fte 
riore rapid heativjg rate alor*g selastedl portion? of the path can be 
obta.ined by thinning the portion* of the conductor to be extanfiad 
along those portion* a£ the path* 
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the &HBoi>i>innT3 of the invention in which ah e>:cjlusiv2 

PftOFSRTY OR PRIVILEGE 13 CLAIMED ME DBPIWBD AS I'OLl.OWSi 

}.. Ift a ^rocsss in which subterranean earth formations 

within an interval more tUatt 10(1 fieet long &r« h&fittfd. ti> A 
r.e.Tii>Araturc ot ffioro than 600°C. f so that heat is injected 
substantially \m X t a m i y into that interval, an improvemsnt; far 
constructing and Installing a heater having an electrical cable 
heating section uhl&h ia free of splice, comprising* constr uctiag- 
s^iid li^atJ.n? cahl* taction by compress i ve'iy swaging at laast one 
portion of a juootion-tree electrical heating cable to rc4uca its 
Size At Soiid at loast one portion, said cable is dt least as long 
aa the earth formation interval co 'a* heated and comprise* slu 
axiaVXy aligned, mfttleahla, olsctrically conductive cor* 
surroundod by granular mineral insulation within a tietai ehtath, 
so that &vage<l portion g«n*r«ites heat at a rat© higher than the 
unpaged portion; correlating the location of said Rwaging with 
the pattern of heat conductivity in the aarth formation interval 
BO that at loaat one comprasaivoly swaged portion of the cable i« 
located along the cable iu a position PJUch that, vh»>ti tho cr<iblc is 
extended along th« earth formation internal to ne heated, the 
coiapraHsj vely sxaged portion ia adjacent to a portion of the earth 
formation interval ifl which the heat conductivity ia relatively 
hl^rh, connecting said selectively svMgeil heattiw cable ftcction to 
at least one power supply cahie a.nd upoolincr the interconnected 
cables ^ and unBpooliny the interconnected cables into a wollborrt 
along with a weight- supporting metal conduit while periodically 
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attaching tUe aabJLep to ti\e. conduit a.ud extending the cables aud 
conduit to a d<jpth at which the coinp tensivoiy svas'ed portions ol* 
the ctabU aw poRttionftd adjacent no tlu earth tornauAona having 
relatively high thermal conductivity. 

SMART ir BIGGAR 
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14 



- w- 



K $066 

A Q 3TRACT 

fSEKTilKG BATS VARIANT 
ELQKGJiTED EU3CTPtCAL JKSI9TANCE HEATER 

An elecfcrical restatarjcs b&ac?er capable o£ genera ting teat at 
different ri/tes at different lesKiticorts a.lcng ita length cracprisss a 
continuous 2>r>J unitary e.Tactuical oonductor harvir^ a thickucsa 
vitiirJi is different at different Ixxttticos along its length. 
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